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Abstract 
In the present paper, we discuss how we can improve the efficiency of a vibration energy harvester (VEH) by 
considering three main key issues: (i) the optimization of the design shape for more conversion efficiency (ii) the 
adaptation between the resonant frequency and the vibration one for more extraction of mechanical energy, (iii) the 
adaptation between the mechanical and electrical damping forces for more extraction of electrical energy. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction: 
Vibration energy harvesting is a field of growing interest with applications in industry, transport 
aerospace and many other fields. However, this new technology is facing some limits; some of them are 
related to the harvester itself, others to the vibration source (the variation of the vibration frequency and 
magnitude). Actually, a VEH features 3 main components as it can be noted from the following figure: 
Fig. 1. Vibration energy harvesting chain 
The M2M converter is based on a resonator system, it amplifies the vibrations and convert them into a 
useful relative displacement between the moving mass of the structure and the frame. Then, thanks to a 
dedicated M2L converter, we convert the amplified relative displacement into electrical energy. Finally, 
we connect the VEH to the electrical load that we want to supply via a conditioning circuit.  Hence, the 
efficiency of the harvester is tightly related to each stage of this chain. Moreover, as it can be noted from 
Fig.1, each stage has an effect on the other stages. Then, the improvement of the VEH efficiency should 
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take into account all the stages and the relations between them. In what fellows, we give more detail and 
then we propose our approach for optimizing the efficiency of each stage. 
1.1. Mechanical to mechanical converter 
This converter works efficiently only when its resonant frequency is equal to the vibration one. 
However, in many circumstances there is a shift between these two frequencies. This shift could be 
related to the vibration source: for example the vibration frequency on the care engine depends on the 
motor speed which is susceptible to change over time. In addition, this shift could be related to the VEH 
itself, as the material of the harvester is subjected to a continuous mechanical stress, the mechanical 
stiffness will be altered overtime and so the resonant frequency. To overcome this limitation many 
solutions have been proposed in literature, most of them are summarized in [1]. Actually, a few of these 
solutions allow an automatic adaptation without comprising the efficiency of the harvester neither the 
power consumption of the adapting system. 
1.2. Mechanical to electrical converter 
There are three main technologies for mechanical to electrical conversion: electrostatic, 
electromagnetic or piezoelectric transduction. In this work, we are interested in piezoelectric transduction. 
The efficiency of the conversion depends on the used material and the design of the structure. Many 
solutions has been investigated in order to improve the efficiency, by either improving the design shape or 
the used material [2]. 
1.3. Electrical energy extraction: 
The maximum of the output power at resonance is achieved when the electrical damping force is equal 
to the mechanical one. However, the mechanical damping depends on the used material, while the 
electrical depends on the electromechanical coupling and the electrical impedance (the extracted electrical 
power). When the vibration frequency and amplitude are known and fixed, one can design a harvester to 
fit the optimized conditions (in terms of resonance and damping forces). However, when the vibration 
magnitude changes, this equality is not satisfied any more since the electrical impedance is considered 
constant. Consequently, there is a loss of the extracted energy. At the present time, there is only one work 
that has been done to improve the efficiency by adapting the damping forces [3].  
The objective of the present work is to give a solution to improve the efficiency at each stage. In the 
following, we start by the second stage since it is more related to the conception and design of the 
structure then we will move the other stages which are related to the output conditions (source of 
vibration and electrical load to supply). 
2. Our approach: 
2.1. Improving the electromechanical conversion: 
As it has been mentioned previously, the transduction which is considered in this paper is the 
piezoelectric transduction. So, in order to improve the electromechanical conversion we decided first, to 
use the longitudinal coupling mode, thanks to its good electromechanical coupling coefficient. Then, we 
investigated a new cantilever shape. This new shape is shown in Fig.2.(a). The idea is to obtain a 
homogenous mechanical stress along the piezoelectric material. We do so by designing a variable 
effective section cantilever. Hence, all the piezoelectric material is uniformly stressed and not only the 
volume concentrated around the clamped side. Fig.2(b) shows the effect of the variation angle of the 
effective section (Į) on the effective electromechanical coupling. When we change the angle (Į), we 
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can adjust both the resonant frequency and the electrical force damping, this allows to overcome the 
limitation occurred when the vibration changes. Then, we connect the adjustable electrical load to the real 
load that we want to supply after well conditioning the output power.  
Fig. 3. The vibration energy harvester electrical circuit setup 
The circuit setup shown in the Fig. 3, features two closing loops. The first loop (L1) is dedicated to the 
adaptation of the electrical damping while the second one (L2) is dedicated to the adaptation of the 
resonant frequency. The adopted strategy for each closing loop is the same; the difference between the 
two is the regulation frequency. The first loop is 10 times faster than the second one.  
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3. Conclusion: 
The tuning of the resonant frequency and electrical damping force is needful to keep an optimum 
output power, especially when the vibration amplitude and frequency is susceptible to change over time. 
In this paper, we have first presented the different key issues for VEH. Then, we have proposed our 
solution for each key issue: we have presented a new cantilever design allowing a 60% gain of 
electromechanical coupling. We have also presented a simple and low power consumption method for 
adjusting the resonant frequency and the electrical damping force. We are currently working on 
implementing the strategies shown in this paper. The first experimental results show that we can achieve 
up to 40 % of resonant frequency deviation by our method, the needed power for supplying the electronic 
circuit is about 10% the generated power by our VEH, which is negligible compared to the power 
increase achieved by the resonant frequency and damping forces adaptation.  
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